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Abstract

Leguminous cover crops have the potential of making cropping systems in the tropics sustainable if they would not deplete
resources such as soil water and nutrients to the detriment of companion crops. Therefore, a study was carried out at Alabata,
Ibadan, southwestern Nigeria, to evaluate the effects of leguminous cover crops on soil water suctions in 1993 and 1994 in
order to assess the possibility of integrating them into the farming systems of the savanna zone of West Africa. In 1993, 13
leguminous cover cropséschynomene histri€entrosema brasilianunCentrosema pascuory@hamaecrista rotundifolia
Cajanus cajanCrotalaria verrucosaCrotalaria ochroleucalablab purpureusMucuna pruriensPsophocarpus palustrjs
Pseudovigna argenteRueraria phaseoloideandStylosanthes hamataere planted in a randomized complete block design
with four replications Maize and natural fallow (mainlZhromolaena odoratandImperata cylindricd were included as
comparisons. Only six of the legumes. histrix, C. pascuorumC. cajan C. ochroleucaM. pruriens andP. phaseoloidés
were included in the measurements in the 1994 new plots. Soil water suctions at various stages of legume growth were
measured at daily or weekly intervals (depending on the frequency of rainfall events) using tensiometers installed at 0-15 and
15-30 cm soil depths. Soil water suctions exceeding 10 kPa (theoretical field capacity) were observed mainly between 6 and
12 weeks after planting (WAP), and by 20 WAP when cover crops had matured and rainfall frequency was very low. Soil water
suctions were significantly relatee?(> 0.80) to dry matter between 8 and 10 WAP. The studied cover crops were classified
in three groups which can be used as a guide for choosing the legumes in tropical farming systems. Soil water depletion was
markedly influenced by growth characteristics of legumes and distribution of rainfall during the rainy season. Leguminous
cover crops conserved soil water after their growth needs were satisfied.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction prove soil nutrient contentarsky et al., 1999 Trop-
ical climates are highly variable and multiple cropping
When leguminous cover crops are integrated into systems are commoddckson, 1989 A wide variety
cropping systems, they are usually expected to en- of legumes are potentially useful for legume-based
hance nutrient availability for companion crops. They cropping technologieswWeber (1996)suggested that
are known to promote efficient utilization of soil and research needs to be shifted towards developing a
fertilizer nutrients and make direct contributions to im-  basket of prototype technologies which match the di-
versity of target conditions in farmers’ fieldBarawali
"+ Corresponding author. etal. (1999have descriped the perforr_nancg of variqus
E-mail addresseskfsalako@yahoo.ie, forage legumes tested in the subhumid region of Nige-
kolawolesalako@hotmail.com (F.K. Salako). ria, and recommended multiple cropping practices,
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such as legume—legume or legume—maize mixtures,ical Agriculture (IITA), Ibadan (latitude “BON and
as profitable investment®biagwu (1997a,bémpha- longitude 354), southwestern Nigeria. Mean annual
sized the need to screen leguminous cover crops forrainfall was 1308 mm in 1993 and 1064 mm in 1994
their genetic ability to overcome physical and envi- (Fig. 1), and the mean is 1300 mm. Annual pan evap-
ronmental constraints before their introduction into oration was 1468 mm in 1993 and 1417 mm in 1994.
the farming systems of the savanna regions of Nigeria. Although the rainy season at the site is usually be-
Water is a major consideration for crop produc- tween March and November, only July, September and
tion in the tropics where most agriculture is rainfed October had substantially higher rainfall than evapora-
(Rachie, 1978; Jackson, 198%n the savanna region, tion or potential evapotranspiration in 1993 and 1994
dry spells in the rainy season could inhibit the good (Fig. 1). Rainfall in August is usually less than in July
performance of crops even when the overall amount and September because of the bimodal distribution of
of rainfall is adequate Jackson, 1980 Armstrong annual rainfall.
et al. (1999)ound that in Queensland, Australia, an- At the experimental site, soil particle size distri-
nual legumes grew faster and exhausted soil water bution for the topsoil (approximately 0-24 cm depth)
more rapidly than perennials, but that the perennials was 810gkg?! sand, 130gkg! silt, and 60gkg?
were inefficient in converting small to moderate rain- clay (G.E. Akinbola, G. Tian, F.K. Salako, unpub-
fall (25-50 mm) into dry matter productiof\statke lished data). Gravel contents were between 65 and
et al. (1995)reported that within 0-100 cm depth of 203 gkg ! between 0 and 35 cm depth while available
a Vertisol in Ethiopia, deep-rootdchblab purpureus  water content was about 0.02m~3. The soil was
and cowpea depleted greater amounts of available soil classified as a Typic Haplustalf.
water during the growing season than vetch and clover.
Soil water dynamics under legume cover crops must 2.2. Experimental establishment
be understood in order to estimate their crop water re-
quirements Doorenbos and Pruitt, 19YWhen incor- A randomized complete block design with four
porated into the farming systems in the tropics. In the replications was used in this trial. Leguminous
savanna region of West Africa, there have been few cover crops as treatments includedentrosema
studies focused on evaluating the water requirementsbrasilianum Centrosema pascuoryn€Chamaecrista
during growth of a wide range of cover crops. The rotundifolia, L. purpureus Psophocarpus palus-
usual assumption is that water would not be limiting tris, Pseudovigna argentgaMucuna pruriens and
if rainfall amount is adequate (>1000 mm). However, Pueraria phaseoloides(spreading legumes)Sty-
this may not be so when dry spells occur under multi- losanthes hamataCrotalaria verrucosa Crotalaria
ple cropping systems or when a particular legume has ochroleuca Aeschynomene histrikerect legumes),

a high demand for water during growth. and Cajanus cajan(shrub). Natural fallow plots
Therefore, this study was conducted in order to with Imperata cylindricaand Chromolaena odorata
determine fluctuations in soil water during different were included for comparison. The plot size was

growth stages of various leguminous cover crops. 8m x 12m in 1993 and 8mx 6m in 1994. The
Based on this evaluation, the leguminous cover crops legumes were planted in June 1993 and 1994 on
were classified for potential integration into the mul- different plots at the site. Seven kg of PHa(sin-
tiple cropping systems in the savanna zone of West gle superphosphate) and 25kg KHa (potassium

Africa. chloride) were applied at the time the legumes were
planted.
2. Materials and methods 2.3. Measurement of soil water dynamics

under legumes
2.1. Description of the study area
Soil water suction was monitored at 15 and 30 cm
This study was carried out at Alabata village, about depths in the field with vacuum gauge tensiometers
20 km north from the International Institute of Trop- (Cassell and Klute, 1986during the rainy seasons
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Fig. 1. Rainfall and pan evaporation in Ibadan (near Alabata), southwestern Nigeria in 1993 and 1994 (source: data were collected from
the Crop Modeling Unit, Resource and Crop Management Division, IITA, Ibadan, Nigeria.

(between June and November) of 1993 and 1994. weekly intervals, depending on the frequency of rain-
There was a single tensiometer at each depth. Obser-fall. Failure of any tensiometer during the dry spells
vations on soil water were made only for the middle implied that a reading of 80 kPa (highest possible read-
two replications due to the limited numbers of ten- ing in literature) would be assigned to the treatment.
siometers. Measurements in 1994 were made on fewerSoil water contents were determined gravimetrically
species and for a longer period than 1993. This de- and were converted to volumetric water contents from
cision was based on the preliminary evaluation of the soil bulk densities. The dry aweground biomass
1993 data for more sensitive measurements in 1994. (dry matter yield) was measured at different growth
Tensiometer readings were carried out at daily to stages.
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2.4. Data analysis and cover crop classification

The mixed model procedures of the SASystem
(Littell et al., 1996 were used for statistical analysis.

In order to classify the cover crops, 10kPa was as- /P¢

sumed to be soil water suction at field capacity for the
sandy soil Lal, 1979. Furthermore, the PROC GLM
of SAS (LSD and DUNCAN options) was used to

group the legumes from 1993. Three categories were |
established at different growth stages for the legumes:

high, intermediate, and low water demand. Simple lin-

ear regression analyses were carried out with and with-

out logarithmic (logg) transformations.

3. Results

3.1. Soil water dynamics in the 1993
rainy season

In 1993, suctions exceeding 10 kPa were observed

mainly between 6 and 12 weeks after planting (WAP)
(Fig. 2. At 6 and 10 WAP,L. purpureusand M.
pruriens had about 30kPa suction at 15 and 30cm
depths. Also, at 6 WARP. palustrisand maize plots

exceeded 10 kPa, and at 10 WAP the natural fallow of

I. cylindrica, P. argentea and maize plots exceeded

10kPa. Cover crop and depth interaction was usually

significant at 15 cm depth. Differences were also found
between depths 15 and 30 cm. Cover crops sudh as
purpureusand M. prurienswere significantly differ-
ent from others, irrespective of depth. Soil water con-
tent ranged between 0.06 and 0.4%m1 3 during the
growth stages.

The dry matter yields of the erect legumes in
the order ofC. cajan (7405kgha?), C. ochroleuca
(3688 kg hal) exceeded the highest yields for herba-
ceous legumesL( purpureus(3610 kg hal) and M.
pruriens (3206 kg hal)) at 16 WAP. Soil water suc-
tion was significantly related to aleground dry
matter at different growth stages of the cover crops
except at 14 WAP Table 1. The cover crops which
caused relatively high soil water suctions before 10
WAP (Fig. 2 were M. pruriens and L. pupureus
(with broad leaves, rapid dry matter accumulation and
canopy development)M. pruriens consistently had
the highest ground coverage from 6 to 16 WAP fol-
lowed byL. purpureuswhich had 92—-100% coverage
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Table 1

Simple linear regression showing relationships between soil
(0-30cm depth) suction (kPa; dependent varialf)eand above-
ground dry matter (kg he; independent variableX) in 199%

WAP a b r2 P n
log—-log 6-16 1.26 -0.21 0.17 0.001 62
Linear 6 7.38 0.04 0.74 0.001 13
Linear 8 1.61 0.02 0.84 0.001 12
Linear 10 4.53 0.01 0.81 0.001 13
g—log 14 093 -0.19 0.06 0.224 12
log-log 16 197 -047 037 0016 13

aWAP: weeks after plantinga: intercept of regression line;
b: slope of regression liner?: coefficient of determinationp:
probability level of significancen: number of X or Y variable;
log—log: transformed data (leg (Y andX)); linear: untransformed
data.

between 10 and 16 WAP. By 16 WAP, palustris C.
pascuorumandC. cajanhad>95% coverage.

Maize, P. phaseoloidgsand C. ochroleucawere
classified as crops with intermediate soil water de-
mand {able J. The classification re-emphasized that
M. pruriensandL. purpureuswould have high water
demand Fig. 2) because of rapid growtts. hamata
andA. histrix (erect legume) an®. palustriscaused
high soil water suction. The dry matter yield &f
hamataat 16 WAP was 391 kg hd; P. palustrishad
1285kg ha?l, andA. histrix had 660kghal. C. ca-

jan, a shrub, with the highest dry matter yield of

7405kghal at 16 WAP was relatively low in wa-
ter demand at the early growth stage, and maintained
a moderate suction at specified maturity, although by
nature it would keep growing beyond the period to
about 2 or 3 yeardmperata cylindicawas relatively
high in water demand at the mature stage.

3.2. Soil water dynamics at the onset of dry
season in 1994

Soil water suctions were less than 10 kPa between
12 and 20 WAP. Daily measurements between 20
and 23 WAP showed that the plots with cover crops
still had soil water suction less than 10 kF&ag(. 3J).
However, the harvested maize (ex-maize) plot main-
tained a significantly higher soil water suction than
cover crop plots, especially at 15 cm depth during the
period. By 23 WAP (163 DAP), soil water suctions
(averaged for 15 and 30 cm depths) ranged between
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Fig. 2. Soil water suction at 15 and 30 cm depth at different growth stages of cover crops in 1993 at Alabata: LSD bars (vertical bars)
are for interactions of cover crop with depth.

11 kPa (natural fallow) and 52 kP& (pascuorum M. andA. histrixwere significantly higher than those for
pruriens(30 cm depth) plot had a soil water suction of C. cajan M. pruriens and natural fallow. The 15cm

9 kPa whileC. pascuorum(15cm depth) had 76 kPa. depth had a significantly higher suction (46 kPa) than
Soil water suctions fo€. pascuorumC. ochroleuca the 30cm depth (21kPa) (LYD.05 = 10). From
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Table 2
Classification of cover crops and maize according to relative soil
water suctions at different growth stages in 1993

Growth stage Soil water suction class Cover crops

Early/intermediate
(<10 WAP)

High M. pruriens

L. purpureus

C. brasilianum
P. palustris

P. phaseoloides
C. ochroleuca
I. cylindrica
Maize

Intermediate

C. verrucosa
C. rotundifolia
S. hamata

P. argentea
C. cajan

A. histrix

C. pascuorum

Low

. hamata

Matured (>10 WAP) S
P. palustris
A
I

High
. histrix
cylindrica

C. brasilianum
C. rotundifolia
P. argentea

M. pruriens

C. ochroleuca
C. pascuorum
C. cajan

P. phaseoloides
Maize

Intermediate

Low L. purpureus

C. verrucosa

@High, intermediate or low suction was obtained using the
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histrix, andC. pascuorumMaize was classified as in-
termediate in water demand with legumes sucitas
brasilianum P. palustris andC. ochroleucaup to 10
WAP. Between 10 and 16 WAP, legumes which had
intermediate water demand we@ brasilianum C.
rotundifolia, P. argenteaM. pruriens C. ochroleuca

C. pascuorumC. cajan andP. phaseoloidegTlable 9.

4. Discussion
4.1. Soil water suctions in relation to rainfall

Although this study was largely carried out when
rainfall was adequate, there were critical periods of
limiting soil water supply as observed in August, and
October/November of 1993 and 1994id. 1). Based
on the approach in this study, the suctions above
80 kPa were not adequately accounted quantitatively.
Therefore, the results were only indicative of rela-
tive soil water depletion among species. The annuals
among the cover crops were mature by October but
the semi-perennials such @s cajanwould still grow
into the dry season. There was water stress in August
and November 1993 and 1994 because the climatic
conditions were more variable in August and Novem-
ber than in the other months due to the inconsistent
rainfall pattern or distribution. Such variability would
affect soil water dynamicsJéckson, 1989 and it is
in this context that the classification ifable 2has
to be considered with regard to the rainfall pattern of
1993 Fig. 1) when the data were collected.

range of suctions observed at each growth stage and the Duncan’sg o Effect of gI’OW'[h characteristics

multiple range test as guide. Thus, a high value at one stage may
be a low value at another stage since it is the relative grouping of

legume that was the focus.

143 to 164 DAP, soil water suctions were highGn

pascuorum C. ochroleuca A. histrix, and ex-maize

plots, intermediate irP. phaseoloidegnd C. cajan

plots, and low inM. pruriensand natural fallow plots.
High soil water suctionsHigs. 2 and 3 were ob-

served in plots withA. histrix, S. hamataP. palustris

C. pascuorumandC. ochroleucat maturity (between

10 and 23 WAP). Cover crops which had a relatively

low water demand up to 10 WAP wef& verrucosa

C. rotundifolia S. hamataP. argenteaC. cajan A.

of cover crops

Soil water suctions of the spreading leguminous
cover crops were higher than those of the erect types
because they used more water and grew more rapidly.
It was observed thaM. pruriensand L. purpureus
conformed to the general observation that spreading
legumes increased soil water suctions earlier than erect
legumes. HowevelR. argenteadid not conform. Six
WAP, dry matter accumulationT@ble J influenced
soil water suction significantly, and such influence di-
minished from 14 WAP. Erect legumes such A&s
histrix, C. pascuorumandCrotalaria species had high
soil water suctions, whereas a shrub suciCasajan
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Fig. 3. Soil water suction at 15 and 30 cm depth at different growth stages of cover crops in 1994 at Alabata: LSD bars (vertical bars)
are for interactions of cover crop with depth.

was moderate because it would need soil water for a A legume such a€. cajanwould accumulate more

longer period than other legumes. Soil water (and nu- biomass than the at the end of its growth cycle than the
trient) movement is influenced by soil water suction spreading legumes in 1 year. However, the cumulative
(Jury et al., 1991; Miyazaki, 1993 biomass of the spreading legumes in about 3 years of
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C. cajangrowth could also be almost equivalent to Astatke, A., Saleem, M.A.M., El-Wakeel, A., 1995. Soil water
that of C. cajan Armstrong et al. (1999%tated that dynamics under cereal and forage legume mixtures on drained
perennials would extract soil water more slowly than \1/‘;”'252"5 in the Ethiopian highlands. Agric. Water Manage. 27,
the annual legumes and were inefficient at converting Carsky, RJ., Oyewole, B, Tian, G. 1999. Integrated soi

small to moderate amount of rainfall (20-50 mm) into management for savanna zone of W. Africa: legume rotation

dry matter. and fertilizer N. Nutr. Cycl. Agroecosyst. 55, 95-105.
Cassell, D.K., Klute, A., 1986. Water retention: tensiometry. In:
4.3. Implications Klute, A. (Ed.), Methods of Soil Analysis. Part 1. Physical and

Mineralogical Methods, 2nd ed. ASA-SSSA, Madison, WI,
. o o USA, pp. 563-596.
Multiple cropping is a common practice in the trop-  poorenbos, J., Pruitt, W.0., 1977. Guidelines for predicting crop

ics (Norman et al., 1995 and this is even reflected in water requirements. FAO Irrigation and Drainage Paper 24.
the recommendations of legume mixtures as foragesin FAO, Rome, Italy.
the derived savannaTQrawali et al 199P The clas- Jackson, R., 1989. Climate, Water and Agriculture in the Tropics.

ification of the cover crops in this study could serve  -ordman, Essex Uk
Sification of the cover crops S sludy could serve Jury, W.A., Gardner, W.R., Gardner, W.H., 1991. Soil Physics, 5th

as a guide for the choice of particular cover crops  eq. wiley, New York, USA.

to meet various objectives that could necessitate their Lal, R., 1979. Physical characteristics of soils in the tropics:
use. Crop water requirements of different cover crops  determination and management. In: Lal, R., Greenland, D.J.
can be assessed by their soil water suction classes. This (Eds:). Soil Physical Properties and Crop Production in the

. Tropics. Wiley, Chichester, UK.
study showed that some legumes depleted soil water ;. "z "wmiliken, G.A., Stroup, W.W., Wolfinger, D., 1996.

more than the others during g_VOWth with the differ_— SAS System for Mixed Models. SAS Institute Inc., Cary, NC,
ences among legumes becoming pronounced during USA.
dry spells. Miyazaki, T., 1993. Water Flow in Soils. Marcel Dekker, New

York, USA, 296 pp.

Norman, M.J.T., Pearson, C.J., Searle, P.G.E., 1995. The Ecology
of Tropical Food Crops, 2nd ed. Cambridge University Press,
Cambridge, UK.

Obiagwu, C.J., 1997a. Screening process for ideal food legume
This study showed that soil water suctions were  cover crops in the tropical ecosystem. 1. A proposed selection

influenced by growth characteristics of leguminous method. J. Sustain. Agric. 10, 5-14.

cover crops and the distribution pattern of rainfall. Obiagwu, C.J., 1997b. Screening process for ideal food legume

. cover crops in the tropical ecosystem. 2. Application of
Dependlng on the stage of gI‘OWth, Iegumes had low, the selection method for grain legume crops of the Benue

moderate, and high water demand. Leguminous COVer  giver Basins of Nigeria (BRBN). J. Sustain. Agric. 10, 15—

crops conserved soil water after their growth needs  31.

were satisfied. Rachie, K.O., 1978. Productivity potentials of edible legumes in
the lowland tropics. In: Crop Tolerance to Suboptimal Land
Conditions. ASA-CSSA-SSSA, Madison, WI, USA.

5. Conclusion
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